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Solitons are shape preserving waveforms that
are ubiquitous across many nonlinear dynami-
cal systems1, and fall into two separate classes,
that of bright solitons, formed in the anoma-
lous group velocity dispersion regime, and ‘dark
solitons’2,3 in the normal dispersion regime. Both
types of soliton have been observed in BEC4,
hydrodynamics5, polaritons6, and mode locked
lasers7,8, but have been particularly relevant to
the generation of microresonator-based frequency
combs, where they have unlocked chipscale micro-
combs used in numerous system level applications
in timing, spectroscopy, and communications9.
For microcombs, both bright dissipative solitons,
and alternatively dark pulses based on inter-
locking switching waves under normal disper-
sion, have been studied. Yet, the existence
of localized dissipative structures that fit be-
tween this dichotomy10 has been theoretically
predicted11, but proven experimentally elusive.
Here we report the discovery of dissipative struc-
tures that embody a hybrid between switching
waves and dissipative solitons, existing in the
regime of (nearly) vanishing group velocity dis-
persion where third-order dispersion is dominant,
hence termed as ‘zero-dispersion solitons’. These
zero dispersion solitons are formed through col-
lapsing perturbed switching wave fronts12, form-
ing clusters of quantized solitonic sub-structures,
which we synthesize in discrete numbers. The
switching waves are formed directly via syn-
chronous pulse-driving13 of a photonic chip-based
Si3N4 microresonator with vanishing normal dis-
persion. The resulting frequency comb spectra
is extremely broad in both the switching wave
and zero-dispersion soliton regime, reaching 136
THz or 97% of an octave. Fourth-order disper-
sion engineering results in dual-dispersive forma-
tion, and a novel quasi-phase matched dispersive
wave related to Faraday instability14. This ex-
otic, unanticipated dissipative structure expands
the domain of Kerr cavity physics to the regime
near to zero-dispersion, and could present a su-
perior alternative to conventional bright solitons
for broadband comb generation, but equally may
find observation in other fields.
I. INTRODUCTION
Currently, the field of research in optically driven Kerr
nonlinear resonators and dissipative structure formation
has been largely focused on the paradigm of the bright
dissipative soliton9,15,16. Bright dissipative solitons (DS)
can be thought of as a particular variety of localized dis-
sipative structure (LDS), solitary pulses that retain their
shape due to the counter-balance between anomalous dis-
persion and nonlinearity, and who have a fixed amplitude
determined by the driven-dissipative parameters of the
Kerr cavity environment1. Bright DS have been widely
studied experimentally in multiple material platforms9,
and have been demonstrated as a desirable candidate
for numerous integrated frequency comb-based applica-
tions such as massively parallel telecommunications17
and LiDAR18, astro-spectrometer calibration19,20, dual-
comb spectroscopy21, and also for metrology enabled by
self-referencing such as absolute frequency synthesis22
and towards optical atomic clocks23. Across optical
physics, DS have been observed in nonlinear systems such
as mode-locked lasers, and transverse laser cavities1,24,25,
and more widely as basic structures in nonlinear dynam-
ical systems as diverse as plasma physics, neuron propa-
gation, and chemical reaction systems26–28.
In opposition to bright DS have been dark dissipa-
tive structures, commonly called ‘dark pulses’, which
conversely exist in Kerr cavities possessing normal
dispersion3,29–31. These dark pulses (alternatively
termed as ‘platicons’32) are in fact formed by the inter-
locking of two separate switching waves (SW), connect-
ing the high and low stable states of the bistable Kerr
cavity33. Compared to bright dissipative solitons, they
have been found to possess an intrinsically higher op-
tical conversion efficiency between the input pump and
the generated light as normal dispersion allows more
comb lines far from the pump to be on resonance34. As
such, they have been proposed as a superior alternative
to bright DS for applications which require the genera-
tion of strong comb lines near to the pump center, and
have been demonstrated as a source for massively par-
allel telecommunications35. Switching waves have been
classed more generally as ‘domain walls’ connecting two
stable homogeneous states in driven dissipative systems,
seen in χ(2) optical parametric oscillators36,37, semicon-
ductor lasers38, birefringent optical fibers39,40, and more
widely in hydrodynamic systems and more41.
In this work, we report the experimental discovery of
a third LDS, a zero-dispersion dissipative soliton (ZDS),
which exists at the crossing point between conventional
dissipative solitons and switching waves in the presence
of vanishing second-order dispersion (SOD) giving way
to pure- or dominant- third order dispersion (TOD). It
has remained an open question experimentally whether
such a physical link exists. In the simplified case of pure
SOD, these two cases of LDS are diametrically opposed.
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FIG. 1: Localized Dissipative Structures in the second-/third-order dispersion (d2/d3) plane. Clockwise from left:
conventional dissipative solitons, dissipative solitons with dispersive-wave tails, zero-dispersion solitons (orange area), switching
waves with dispersive wave tails, conventional switching wave. Dashed gray line in figures represent the CW high-state solution.
Video available as supplementary info.
However, in realistic Kerr resonators, in the limit of van-
ishing SOD, there always exists a TOD component that
begins to dominate. DS existing with a TOD component
have been well demonstrated, but only in the sense where
TOD acts as an additional perturbation to a regular DS,
forming a dispersive wave tail that is far-removed from
the center of the soliton spectrum42,43. On the SW side,
only previous theoretical work has investigated the case
of strong TOD, and has predicted that in this regime,
bright solitary pulses, amounting to a self-interlocked
SW, may exist11,12,44,45. In this sense, as we depict in
Fig. 1, it can be seen that there exists a continuous
physical link between conventional DS and SW struc-
tures as a circular path of dispersion is followed in the
SOD/TOD plane. In this depiction (based on numerical
simulations), conventional DS become increasingly dom-
inated by their dispersive wave tail, until when cross-
ing into the region of normal dispersion, where individ-
ual zero-dispersion solitons are able to form packed clus-
ters. When normal SOD begins to dominate once more,
this cluster becomes unlinked into two separate switching
waves perturbed by TOD, before reaching conventional
pure-SOD switching waves.
In this work, we focus on the formation of ZDS on
the normal SOD side of this plane. We find that this
can be accomplished through first generating switching
waves efficiently via wave-breaking using synchronous
pulse-driving of the Kerr cavity13 (Fig. 2(a)), initially
demonstrated in fiber cavities46,47, and proposed for
microresonators12, and observing how these SWs coalesce
into newly identified single ZDS states at high pump-
cavity detuning.
II. THEORY
To analyze the optical structures introduced in this
work in a simple and universal fashion, we first con-
sider an optical system described by the dimensionless
Lugiato-Lefever Equation (LLE)48,49, now with a non-
CW driving term f(τ):
∂ψ
∂t′
=
(
−d1 ∂
∂τ
− id2 ∂
2
∂τ2
+ d3
∂3
∂τ3
)
ψ
+(i|ψ|2 − iζ0 − 1)ψ +
√
F0f(τ) (1)
Here, the form taken by the field solutions are deter-
mined solely by the driving strength F0 and detuning ζ0,
as well as three parameters dl describing the relative con-
tributions of the first three orders of dispersion44. For
simplicity, we set the SOD parameter d2 = 1 through-
out this work, which corresponds to normal dispersion.
Thus, d3 describes the contribution of TOD relative to
d2, and the first-order dispersion d1 corresponds to the
offset in group-velocity between the cavity field ψ(τ) and
the static frame of the pulse-driving term f(τ).
Firstly, it is necessary to investigate direct SW forma-
tion by pulse-driving in the simplified case of pure SOD
(d1 = d3 = 0). We choose a value of F0 = 10 which is a
typical operating point for practical dissipative structure
formation in experiment, and we set a Gaussian pulse as
the driving function f(τ) = exp(−τ2/τ2p ), with pulse du-
ration τp = 100 so as to ensure any SW is significantly
shorter in duration than the background driving function
(which is true also in our experiment). The detuning is
swept linearly from some value ζ0 < 0 up to ζ0 = 10.
This range covers the region of Kerr cavity bistability,
the CW solutions of which we graph in Fig. 2(b) for
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FIG. 2: Excitation of switching-waves inside pulse-drive envelope. (a) Principle of pulse-driven Kerr cavity dissipative
structure formation, with image of resonator with coupling section. (b-e) SW formation in pure normal dispersion. (b)
Contour of the bistable intracavity CW solutions, plotted for increasing local value of the pump F (τ), with stable (unstable)
solution in solid (dashed) line. (c) Development of intracavity field (red-yellow) within the pulse envelope (blue dashed) with
increasing detuning ζ0. Red-dotted lines connect one field slice with the CW solution distribution in (b). Maxwell points on
the pulse envelope marked with circles. (d) Expanding (top) and contracting (bottom) high-state (dashed) under CW driving.
(e) Spectra of the fields from (c), and integrated dispersion operator. (f-g) SW formation with strong third-order
dispersion. (f) Intracavity field within the pulse envelope with increasing detuning ζ0. (g) Spectra of the fields from (f).
different temporal samples of the pulse-drive amplitude
F (τ) = F0f
2(τ), over −120 ≤ τ ≤ 0. This effectively
gives the local CW solution of the intracavity field over
the length of the pulse-drive envelope, divided into the
high-state and low-state solutions ψH and ψL, which can
be solved analytically (see Methods).
In Fig. 2(c) (with spectra in 2(e)) we show the intra-
cavity field solutions Ψ = |ψ|2 at different values of ζ0
found using the split-step method50 (see Methods). For
this direction in ζ0, the field initially follows the high-
state solution ψH(τ) of the Kerr hysteresis. As ζ0 crosses
0, there begin to exist parts of the intracavity field where
the local Kerr resonance-shift at the edges of the pulse-
drive F (τ) is insufficient to sustain the high-state ψH(τ).
Here, the field outside this point falls to the low-state
ψL(τ) while the field further inside the pulse background
stays on ψH(τ) creating the SW that connects the two
states36.
From here, the two SW locations τSW follow a location
within the pulse-drive envelope F (τ) = Fm, which pre-
vious theoretical works on SW stability have termed as
the ‘Maxwell Point’33,38, until at ζ0 ≈ 7 where there ex-
ists no F (τ) > Fm causing the SWs to meet each other
and annihilate, failing to reach their theoretical maxi-
mum detuning at ζ0 = F0 = 10. The stability of the SW
fronts within the pulse envelope after formation is due to
the effective ‘outward pressure’ manifesting on ψH . SWs
possess an innate group velocity offset depending on the
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FIG. 3: Simulation: zero-dispersion soliton formation via desynchronized pulse-driving. F0 = 10, d2 = 1, d3 = 1
(a) Intracavity field as detuning ζ0 is increased. d1 = −1.34 (b) Individual time-domain and (c) frequency-domain of the fields
in (a) (red arrows). (d) Alternative field formation with (i) d1 = −1.20 (ii) d1 = −1.29 (iii) d1 = −1.36 (iv) d1 = −1.37. (e)
(left) Total intracavity energy from (a) (right) Zoom of the ‘step’ feature, plotted for different values of desynchronization d1.
The black line corresponds to the field given in (a).
value of F and ζ0
46, where the ψH tends to undergo ex-
pansion, with the SWs moving outward, when the driving
term is larger than a certain value F (τ) > Fm for a fixed
detuning ζ0 (see Fig. 2(d)). When F (τ) < Fm, the ψH
contracts and the SWs move inward. Accepting this, it
becomes clear that if any high-state ψH existed within
a pulse-drive envelope, whose peak F0 > Fm, it would
undergo expansion until its SW fronts reached a point
where F (τSW) = Fm and stop.
Considering now a Kerr cavity possessing strong TOD,
we choose d3 = 1. Fig. 2(f,g) presents an identical sce-
nario to Fig. 2(b-e), now with TOD enabled. Here, time-
reversible symmetry has been broken, with a strong dif-
ference emerging between the up-SW (here left in time),
and the down-SW (on the right). The down-SW, which
corresponds with the dispersive wave-like feature on the
positive side of the spectrum (Fig. 2(g)), follows simi-
lar behavior to that of the SWs under pure SOD in Fig.
2(c,e) including the Maxwell point as detuning ζ0 is in-
creased. Conversely, the up-SW exists primarily on the
negative side of the spectrum, where the local gradient of
the integrated dispersion operator dint = d2Ω
2+d3Ω
3 (Ω
being the dimensionless angular frequency) has become
inverted. Consequently, the dispersive wave element now
possesses a positive group-delay (negative group-velocity
shift) and so has changed orientation to face inward to the
high-state ψH , and the up-SW itself has had its Maxwell
point changed so that it retreats inside the pulse-drive
envelope much sooner, thus eliminating the SW fronts at
a much earlier detuning at ζ0 ≈ 4.5.
Overall, the flatness of the dispersion profile on nega-
tive frequencies has heavily skewed the generated spec-
trum to the one side resulting in a negative shift to the
group velocity for the SW structure as a whole inside
F (τ). Naturally, introducing a counter-acting group ve-
locity shift in the form of a negative d1 term should help
contain the structure within the center of F (τ) as the
detuning increases. This scenario is presented in Fig. 3.
By now setting d1 = −1.34, the time-frame of the cav-
ity field continually moves forward in fast time τ (here
to the left), keeping both SWs near to the center of the
pulse envelope F (τ) preventing early collapse. The SW
fronts meet together now at ζ0 = 5.1, where a significant
event occurs. Instead of eliminating each other as in the
case of pure-SOD, the SWs become locked to each other
based on the bonding of the down-SW to the modulated
wave of the up-SW, in an event not at all dissimilar to
the much reported formation of ‘dark pulses’30. Whereas
dark pulses lock on the modulations of the low-state ψL,
these ‘bright’ structures necessarily require strong TOD
so that a sufficiently powerful modulation exists on the
high-state ψH .
5These bright LDS, whose existence was predicted in
recent theoretical works11,12 have been termed as highly
modulated ‘platicons’. However, like dissipative solitons,
these structures are self-stable and can freely exist across
the broad background of the pulse-drive. While the SW
states shown here for ζ0 < 5.1 are bound to the pulse-
drive envelope F (τ) as a whole through the left and right
Maxwell points, these bright structures are self-stable
and eventually find a single trapping position on one edge
of F (τ) just as with pulse-driven conventional dissipative
solitons13,51,52. In this example, the trapping position is
on the left edge. As the detuning here increases past
ζ0 > 5.1, the structure (plotted specifically on levels 3-6
of Fig. 3(b,c)) undergoes progressive collapses reducing
in periodicity initially from 5, down to 2. In this way,
these structures can be thought of as clusters of individ-
ual dissipative solitons packed extremely close together.
As their existence is defined by vanishing SOD in favor of
TOD, we term them in this work as zero-dispersion soli-
tons (ZDS(n)) consisting of n bound sub-solitons. The
value n can be identified by the spectral periodicity be-
tween the pump and what was initially the SW dispersive
wave, here on the left end of the spectrum.
Fig. 3(d) shows how varying the group velocity shift
d1 (or desynchronization in terms of pulse-driving) gives
rise to a varying maximum detuning for ZDS(n) existence,
and with different preferred n. Here (with particular at-
tention to Fig. 3(d-iii)), the ZDS(3) follows its trapping
position on the left-hand slope until it crosses the center
line where a trapping position no longer exists and de-
cays, following an asymmetrical trajectory reminiscent of
recent studies on conventional dissipative solitons51. The
cavity energy trace, plotted in Fig. 3(e) for all values of
d1 in the vicinity, shows the asymmetrical unfolding of
the characteristic ‘step’ feature we should expect to see
in experiment.
III. EXPERIMENTAL RESULTS
The pulse-drive source (as shown in Fig. 4(a)) is
provided in the form of an electro-optic comb (EO-
comb)13,53, providing pulses with a minimum duration
of 1 ps (see Methods for details), and whose repetition
rate is finely controlled by an RF-synthesized signal feo.
The cavity platform of choice for the experiment is the
chip-based Si3N4 microresonator, in this case having a
native FSR of 27.88 GHz. The EO-comb repetition rate
is set to exactly half this at feo = 13.944 GHz due to RF
transmission limitations. Other than a factor-2 reduction
on conversion efficiency due to only half the lines being
coupled to the cavity, the experiment behaves the same
as one that is fully synchronous and we can disregard the
excess comb lines. Two microresonators (referred to as
MR1 and MR2) in particular are used to generate ZDS,
having two slightly different dispersion profiles causing
the formation of ZDS(n) of different n. Their measured
dispersion parameters are given in result figures further
below.
Starting with MR1, in order to ensure that a full range
of formation behavior is observed, and spectral extent
maximized, the average pulse-power coupled to the res-
onator is set to Pav = 350 mW (12 pJ pulse energy at 28
GHz), approximately 20 times higher than the observed
minimum comb generation threshold. The experiment
proceeds the same way as in the theory section, typical
for LDS generation in Kerr cavities, and particularly in
pulse-driven soliton generation13,52,54. The exact native
FSR of the microresonator is first found by varying the
input repetition rate feo until the expected unfolding of
the ZDS ‘step’ is observed (Fig. 4(b)). Here, we see an
asymmetrical extension of the step vs. the relative desyn-
chronization δfeo = feo − D1/2pi, as expected based on
Fig. 3(e), although with slightly different precise form
due to unaccounted for higher order effects (the absence
of a step at δfeo = 0 is a coincidence based on shot-to-shot
statistical variation of formation probability). Based on
this measurement, we find an optimum feo = 27.88888
GHz, with a locking range for ZDS on the order of ±10
kHz.
For this value of feo, the EO-comb seed laser frequency
ωp is tuned slowly across a resonance frequency ω0 from
the blue-detuned side to the red-detuned side (such that
δω = ω0 − ωp > 0 by convention15) towards the region
of Kerr bistability. Fig. 4(c) plots the output light from
the microresonator during this scan, and at the same time
the RF repetition-rate beatnote of the ZDS is recorded
(Fig. 4(d)). The measured comb spectra are plotted in
Fig. 4(f) at four detunings in descending order, after the
SW is formed. Qualitatively, the results behave as the
simulations in Fig. 3(c) predict. Firstly, over the first
two rows, we see the spectrum grow wider and with a
sharper dispersive-wave (DW1) located from 182 to 179
THz. Importantly, we see the spectral fringes either side
of the pump (spaced by ≈ 1 THz on the first spectrum)
increase their period as detuning is increased, indicat-
ing the two SW fronts are moving together within the
pulse-drive envelope. In the last two rows, we see the
SWs have coalesced into the ZDS(5), a 5-period struc-
ture, then reducing to a ZDS(4), each time moving the
location of DW1 further to low frequencies. Throughout
this scan over resonance, the RF repetition rate beatnote
shows low noise. In fact, the final beatnote, plotted in
Fig. 4(e) is highly stable, inheriting the low-offset phase
noise of the feo as supplied by the RF synthesizer. This
confirms that the ZDS has temporally locked to the driv-
ing pulse, just as a conventional bright dissipative soliton
would13,52.
Fig. 5 analyses this final structure in greater de-
tail. We characterize the broadband dispersion profile
of the MR1 using a cascaded three-laser swept spec-
troscopy technique55. In Fig. 5(a) we plot the mea-
sured integrated dispersion profile Dint = ωµ−ω0−µD1,
representing the frequency deviation of each resonator
mode µ from the uniform FSR grid spaced by D1 (where
the pump mode corresponds to µ = 0). This data is
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FIG. 4: Experimental pulse-driven switching wave and zero-dispersion soliton formation, MR1 (a) Setup, featuring
the EO-comb as a pulsed-source. MZM: Mach-Zehnder modulator, EOM: electro-optic modulator, EDFA: erbium-doped fiber
amplifier, ESA: electronic spectrum analyzer, OSA: optical spectrum analyzer, OSC: oscilloscope. The input pulse train is
coupled into and out of the microresonator chip via lensed fibers. Left-inset: Spectrum of the 14 GHz EO-comb before
amplification. (b) Spectrogram of the step feature for different desynchronization about 27.888880 GHz. (c) Microresonator
transmission (with DC value subtracted), with detunings from (f) marked with dashed lines. (d) Spectrogram of the repetition-
rate beatnote during the laser scan in (c). (e) Long-term beatnote measurement of the final comb state. (f) Stages of
comb/spectrum formation in descending order of detuning (40 dB vertical offsets). Red block marks spectral filter for beatnote
measurement.
fitted to a fourth-order polynomial centered at ω0 =
2pi×192.3 THz whereDint ≈ µ2D2/2+µ3D3/6+µ4D4/24
(D2/2pi = −3.17 kHz, D3/2pi = 13.8 Hz, D4/2pi = −15.9
mHz, all ±5%). In dimensionless parameters, for a fixed
d2 = 1 we have a value d3 = 0.38. The pump frequency
detuning−δω/2pi = −1.2 GHz, which we obtain from live
cavity phase-response measurements56, is also marked.
In Fig. 5(b) the entire spectrum of the ZDS(4) is plotted
and features several dispersive waves (DW), the spec-
tral locations of which can be predicted based on where
Dint(µ) = −δω. The predicted DW locations do not
match perfectly with experiment however, but this can
be explained by the bandwidth-limited dispersion mea-
surement with unknown higher-order values for D5, D6
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and so forth.
The first, DW1 at 176 THz, will always occur for ZDS
formation due to the requirement for powerful TOD. The
second, DW2 at 280 THz, has occurred due to the over-
all normal fourth-order dispersion of the waveguide57,
but is not required for ZDS formation. The additional
dispersive wave, termed DWq, occurs where the optical
comb modes have wrapped by D1 so that Dint(µ)+D1 =
Dint(µ − 1) = −δω or that, by shifting by one FSR, the
linear wave at DWq has accrued a 2pi phase shift relative
to the pump wave. This phase-wrapping is commonly
known to allow the formation of so called ‘Kelly’ side-
bands in soliton fiber lasers58. Due to the longitudinal
momentum mismatch δµ = +1 between the coupled lin-
ear wave and the ZDS comb lines, quasi-phase matching
is required to bridge this gap59. This particular microres-
onator features a brief ‘mode-stripping’ section where the
waveguide width rapidly tapers down to a narrow width
in order to stop any higher-order spatial modes from
propagating60, where the waveguide dispersion changes
sharply. This intra-roundtrip disturbance provides phase
modulation to the linear wave at DWq, and is more
than sufficient to enable quasi-phase matching to stimu-
late resonant radiation14. This effect has been observed
in microresonators with a similar intra-roundtrip mod-
ulation of the waveguide width where it was identified
as Faraday instability61, and has long been observed in
fiber-based Kerr resonators with longitudinally varying
dispersion14,47,62. Fig. 5(c,d) shows numerical LLE sim-
ulations using the real experimental parameters of MR1
(see Methods), demonstrating close agreement with the
form taken by the spectrum corresponding to a ZDS(4) as
shown in Fig. 5(d). In Fig. 5(c), both simulation results
taking into account either a constant or an oscillating
intra-roundtrip dispersion Dint(z), with DWq appearing
only in the latter case. Further simulations and analysis
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FIG. 6: Experimental zero-dispersion soliton forma-
tion, MR2 (a) Experimental measurement of the resonator
integrated dispersion Dint, and spectrally extended fitted so-
lution. (b) ZDS(3) comb. (c) ZDS(2) combs, measured at
maximum detuning using three pump powers, noted as ef-
fective average power coupled to ring (total power towards
chip).
DWq is presented in the supplementary info.
In order to observe ZDS(n) of lower n we move to MR2,
which has its zero-dispersion wavelength closer to the
pump wavelength at 1560 nm. Here, the dispersion pa-
rameters (Fig. 6(a)) are fitted to be D2/2pi = −848
Hz, D3/2pi = 12.8 Hz, D4/2pi = −15.9 mHz, ±5%,
corresponding to dimensionless parameters d2 = 1 and
d3 = 2.11, further into the zero-dispersion regime (Fig.
1). In this microresonator, with the same generation
method as above in MR1, we generate ZDS(3) and ZDS(2)
in Fig. 6(a) and (b) respectively. In this microresonator,
we do not observe the same DW2 or DWq as in microres-
onator 1. For ZDS(2), we present spectral measurements
taken using three increasing input pump powers, each
enabling an increased maximum detuning δω. As shown,
as available power is increased, the overall spectral pro-
file expands, with both DW1 on the left and the anti-
dispersive wave on the right moving outwards, in a simi-
lar manor as for conventional dissipative solitons63.
IV. DISCUSSION AND SUMMARY
In this work, we have experimentally synthesized a
novel class of localized dissipative structure, the zero-
dispersion soliton. In terms of figures of merit, the gener-
ated ZDS(2−5)-based combs presented here are extremely
substantial in terms of the product of their total band-
width and their total line-count which, as far as we are
aware, is a record for a single-structure in a microres-
onator. The central body of the ZDS(4) comb in MR1
spans over 76 THz (1830 and 1260 nm), accounting for
more than 2,700 comb teeth, spaced by a detectable 28
GHz repetition rate. When including the DW features,
the final bandwidth becomes 136 THz or 97% of an oc-
tave. As the repetition rate is directly detectable on
photodiode, a future work with fine-tuning of the mi-
croresonator dispersion may enable f -2f self-referencing
with a single microcomb22. We have further demon-
strated the direct generation of switching waves via pulse-
driving, creating a highly smooth ultra-broadband mi-
crocomb under normal dispersion conditions. Such nor-
mal dispersion-based microcombs have thus far only been
formed in Si3N4 via modulation instability enabled by
spatial mode-coupling30, necessitating an extra coupled-
microresonator ring with integrated heaters in order to
be deterministic64.
The formation of ZDS-based microcombs more gener-
ally has expanded the domain of microcomb generation
towards the region of both normal-dispersion and zero-
dispersion, previously not often considered ideal. This
lifting of strict requirements for anomalous dispersion
may give greater flexibility in the Si3N4 fabrication pro-
cess going forward. The result also demonstrates not
only that microcomb generation can be achieved in a
straight-forward fashion in such waveguide resonators
with normal-to-zero dispersion, but that it may be most
preferable for highly broadband comb generation due to
the superior flatness of the comb in the SW regime,
as well as the lack of a high-noise chaotic phase and
multi-soliton formation as compared to its anomalous
dispersion-based counterpart. In terms of physics, the
experimental observations of an entirely novel class of
LDS – a bright pulse-like structure which constitutes a
link between SW-based and soliton-based LDS – were
presented. To our knowledge, such an entity has not
been observed before in microresonators as of the time
of writing. Its discovery in experiment may open a new
area of fundamental research on the nature of dissipative
Kerr solitons and switching waves under one umbrella.
Note: we would like to acknowledge a parallel work
by Li et al. completed during preparation for this
manuscript observing a similar phenomenon in fiber-
based Kerr cavities65.
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Methods
Theory and Simulation The homogeneous solutions to
the intracavity field ΨCW = |ψCW|2, graphed in Fig. 2(b)
for different local pump strength F (τ) = F0f
2(τ), is first
obtained from the real roots of the cubic polynomial de-
rived from equation 1 at equilibrium and with all dispersion
dl = 0
49, and subsequently the complex field solution from
the resonance condition,
Ψ3 − 2ζ0Ψ2 + (ζ20 + 1)Ψ− F (τ) = 0 (2)
ψCW =
i
√
F (τ)
ΨCW − ζ0 + i (3)
with ΨH and ΨL being the top and bottom solution re-
spectively. The simulation presented in Fig. 2 was calcu-
lated via the split step method with a change in detuning
rate dζ0/dt
′ = 0.01 to ensure SWs reached equilibrium at
each stage. In Fig. 3, dζ0/dt
′ = 0.000625 to allow the ZDS
to remain at their trapping/equilibrium position during he
detuning increase. The pulse-drive width τp = 50.
Experiment The EO-comb is comprised of a CW laser,
followed by an intensity modulator and three phase modula-
tors, driven by an RF signal generator (Rhode & Schwarz
SMB100A), generating 50 spectral lines spaced by feo =
13.944 GHz. The waveform is compressed in time through
linear dispersion made from 300 m of standard SMF-28 and
5 m of dispersion-compensating fiber, yielding pulses of min-
imum duration 1 ps as confirmed by frequency-resolved op-
tical gating (FROG). The Si3N4 microresonators MR1 and
MR2 used in this experiment have been fabricated with the
photonic Damascene process66 with a 2350×770 nm2 cross-
section, and possess a peak probable cavity linewidth of
κ/2pi = (κ0 + κex)/2pi = 208 MHz and 150 MHz (with ex-
ternal coupling rate κex/2pi = 155 MHz and 120 MHz) for
MR1 and MR2 respectively. Their measured dispersion Dint
is expanded in the main text. Effective power coupled to res-
onator as quoted above exclude chip insertion loss of 1.6 dB
and half of the 14 GHz comb lines not coupled to the res-
onator modes at 28 GHz. The RF beatnote measurement in
Fig. 4(d,e) derives from approximately 11 filtered comb lines
outside of the EO-comb spectrum.
Full system model The experimental microresonator re-
sults are described by the full LLE with real parameters
∂A(t, T )
∂t
= F
[
i
(
δω + µ · 2piδfeo +Dint(z, µ)
)
A˜µ
]
(4)
−κ
2
A+ ig|A|2A+
√
κexP0
~ω0
fp(T )
acting on photon field A(t, T ) over slow/laboratory time t and
fast time T in the co-moving frame of the intracavity field
circulating at D1, with frequency domain counterpart A˜µ at
discrete comb line indices µ. Included with the linear phase
operators Dint and δω is the input pulse desynchronization
δfeo. The nonlinear coupling parameter g0/2pi = 0.054 Hz
(see supp. info for further on this).
For the simulation presented in Fig. 5(c,d), we set δω/2pi =
900 MHz, and the input pulse profile fp(T ) = exp(−T 2/T 2p )
with Tp = 1.0 ps, P0 = 1.8 W, and static desynchroniza-
tion δfeo = 150 kHz. In order to stimulate the quasi phase-
matched wave at DWq, we set Dint(z, µ) = Dint0(µ)(1 +
0.2 cos(δµ · 2piz/L)), with δµ = 1 representing a single
longitudinal-mode modulation in the dispersion operator for
the resonator of length L. All of the real parameters are
related to the dimensionless parameters by the following:
t′ = κ
2
t, τ = D1
√
κ
D2
T , ψ =
√
2g0
κ
A, dl =
2
κ
Dl
l!
(
κ
D2
) l
2
for l =1-4, ζ0 =
2δω
κ
, F0 =
8κexg0
κ3~ω0 P0.
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